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(57) ABSTRACT

A method to identify impairments in telecommunication lines
i,j,k, .. .of abinder includes globally performing Single-
Ended Line Testing SELT on the lines of the bundle. The
method further includes applying an input signal in a first
mode out of a multi-mode group including at least one dif-
ferential mode for a respective line of the bundle and includ-
ing at least one phantom mode for a respective pair of lines of
the bundle. The method further includes measuring an echo
signal E in a second mode out of the multi-mode group, the
second mode being different of the first mode, and analyzing
the echo signal in view of the input signal for deriving there-
from the searched impairments.
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1
IMPAIRMENTS IDENTIFICATION MODULE
AND METHOD

The present invention relates to a method to identify
impairments in telecommunications lines of a binder and to
an impairments identification module realizing such a
method.

Such a method and module are already known in the art.
Indeed, with the availability of Triple Play services over cop-
per access telecommunication networks such as e.g. Digital
Subscriber Lines DSL, the reliability of the network becomes
more and more critical. Telecom operators deploying video
services over their existing copper pairs network are looking
for efficient tools able to detect and moreover localize impair-
ments such as bad contacts or water in the cable.

To solve this problem, different techniques are known in
the art under the Single Ended Line Testing SELT denomina-
tion. Indeed, methods to identify impairments in telecommu-
nication lines of a binder, comprises a step of performing
Single Ended Line Testing SELT on the lines of the bundle.

A well known technique is called Time Domain Reflecto-
metry TDR. TDR consists in sending a signal over a twisted
pair and in measuring the received echo over the time. A
schematic view of TDR is shown in FIG. 1. An input signal,
also called incident signal, is applied to a copper line via the
TX input and an echo signal is measured via the RX output.
The obtained measurements are often called reflectogram. At
any, even light, impedance change of the line, the reflected
echo level will vary, which will appear as a ‘peak’or a ‘valley’
in the echo measurement. When using this technique, any
impairment such as bad contact, a bridge tap or wire gauge
change will become visible in the reflectogram. Once the
time-domain echo is measured, the distance to the fault can be
calculated. Indeed, when knowing the velocity of the electric
signal on the line and keeping in mind that the distance
covered by the signal is twice the distance to the fault, since
the signal has to go to the event and come back to the emitter,
the distance to the fault can be determined.

Another known method is called Frequency Domain
Reflectometry FDR. This technique consists in measuring the
amplitude and the phase of the echo signal in function of the
frequency. Practically, the echo can be measured separately
for each required frequency, called frequency sweep, or forall
the frequencies at a time whereby the emitted signal is a
broadband signal. The result is a bode diagram of the reflec-
tion coefficient with amplitude and phase versus frequency.
Such a diagram is more complex to interpret since a single
impairment will appear as a series of regularly-spaced bumps
or holes in the echo amplitude.

Since the echo phase is available, it is often easier to trans-
form the frequency-domain echo signal into a time-domain
reflectogram by applying an inverse Fourier transform. In this
way it can be interpreted as any other reflectogram measured
using time-domain reflectometry.

For both time-domain and frequency-domain reflectom-
etry, the result is affected by real impairments such as bad
contact or water in the cable but also by so called normal
imperfection like wire gauge changes or bridged tap. It is not
easy to determine whether a peak in the reflectogram corre-
sponds to a real problem or whether it is only due to splice
between two cables, a gauge change, or a bridged tap which
may be inherent to the network topology.

An object of the present invention is to provide a method
and module to identify impairments in telecommunication
lines of a binder such as the above known types but wherein
the reliability and the accuracy of the detection and localiza-
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tion of the most frequent impairments of copper pairs net-
works is significantly increased.

According to the invention, this object is achieved due to
the fact that the input signal and the echo signal are applied
and measured between two different modes of a bundle of
lines being differential mode and/or phantom mode. This is
realized by performing a SELT whereby an input signal is
applied in a first mode out of a multi-mode group. The multi-
mode group comprises at least one differential mode fora line
of'the bundle and at least one phantom mode for a pair oflines
of the bundle. Furthermore the echo signal is measured in a
second mode from this multi-mode group which is different
from the first mode. Finally the measured echo signal is
analyzed in view of the input signal for deriving there from
the impairments.

This method is realized by means of an impairments iden-
tification module which is adapted to identify impairments of
telecommunications lines of a binder. The module comprises
a multi-mode group of modules with at least one differential
mode module for a respective line of the bundle and adapted
to apply an input signal in a differential mode and to measure
anecho signal in a differential mode; and at least one phantom
mode module for a respective pair of lines of the bundle
adapted to apply such input signal in a phantom mode and to
measure such echo signal in a phantom mode. The impair-
ments identification module further comprises a control
means adapted to control, during execution of one cycle of
Single-Ended Line Testing SELT on the lines of the bundle,
the application of the input signal to a first module of the
multi-mode group of modules and to control measurement
from a second module of the multi-mode group of modules
whereby the second module is different from the first module.
Finally the impairments identification module comprises a
processing unit adapted to analyze the measured echo signal
in view of the input signal for deriving therefrom the impair-
ments.

It has to be explained that a differential mode for a line is
the transmission of information in the normal mode i.e. by
means of two complementary signals sent on the two separate
wires of the line.

Furthermore, the phantom mode for a pair of lines is mea-
sured, instead of differentially between the two wires of one
pair, differentially between one pair and another pair. In other
words the phantom mode measurement is the differential
measurement of the common mode of one pair with the com-
mon mode of another pair.

Ithas to be explained that the above mentioned multi-mode
group comprises:

a) atleast one differential mode for each considered respec-
tive line i.e. for one or more lines of the bundle with
maximum of n differential modes for a bundle with n
lines; and

b) at least one phantom mode for each considered respec-
tive pair of lines i.e. for one or more pairs of lines of the
bundle with a maximum of (n-1) independent phantom
modes for a bundle with n lines.

In the event of using indeed the maximum available modes
the multi-mode group comprises a total of (n)+(n-1)=(2n-1)
modes

This present method and impairments identification mod-
ule is based on the insight that ‘normal” impairments of cop-
per pairs such as wire gauge change or bridged-tap are sym-
metric with regards to the two wires of a pair. In other words,
the impedance variation due to a wire gauge change is the
same for the two wires of one pair. So, these symmetric
impairments are not causing a mode conversion. This means
that for a cable without any problems, where e.g. all the lines
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are of good quality, when a signal is sent in a given mode such
as differential or phantom one, all the power contained in that
signal is nearly entirely transmitted within that mode. There
will be nearly no part of the signal ‘leaking’ to another mode
(differential or phantom one).

On the other hand, ‘real’ problems such as a bad contact
will introduce an asymmetry between the impedance of the
two wires of a line. Due to the asymmetry of the two wires, a
mode conversion of the signal will be caused. Indeed, for a
cable having an unbalance i.e. an asymmetry problem, that
impacts some of its lines, such as bad contacts or water
ingress, when a signal is sent in a given mode e.g. differential
or phantom one, a fraction of that signal will ‘leak’ to all the
other modes (differential or phantom ones) that are existing
between the lines that suffer from the same problem. This
phenomena is called ‘mode conversion’.

So, for a good, well-balanced symmetric line, the propor-
tion of the signal converted between e.g. differential mode
and phantom mode is very low. However, if the line is unbal-
anced due to bad wire quality, water in the cable or bad
contacts, then this ratio can be seriously degraded and a more
important part of the signal will be converted from one mode
to the other one.

Thanks to this phenomena and the insight that if an echo is
measured in another mode than the emitted signal, the
obtained reflectogram will only show the asymmetric impair-
ments causing a mode conversion such as bad contact, water,
all kinds of unbalanced faults and not the symmetric ‘normal’
impairments inherent to copper pairs network topology such
as wire gauge change, splices, bridged tap. Hereby, a reflec-
togram is obtained that will provide an accurate localization
of problems such as bad contacts and water in the cables
without being sensitive to ‘normal’ impairments such as wire
gauge change or bridged tap.

So, the method to identify impairments being realized by
means of the impairments identification module of the
present application is able to detect and localize field impair-
ments affecting copper pairs network such as bad contact,
water in the cable or all kinds of unbalanced faults. A big
advantage comparing to prior solutions is that the new pro-
posed method is insensitive to normal impairments inherent
to copper network topology such as wire-gauge changes.

Furthermore, when the step of measuring a second mode
and analyzing the echo signal is repeated for every mode of
the multi-mode group that is different of the first mode a
complete view of real impairments for the whole bundle can
be determined.

It has to be noted here that indeed for a system of n pairs, it
is possible to measure (2n-1)*(2n-1) reflectograms. How-
ever, the reflectograms that are computed by using the
reflected signal being measured in the same mode as the
incident signal are corresponding to the “traditional” single-
mode reflectometry. These results will be sensible to any kind
of impairments including wire gauge change, while all the
other reflectograms are the present defined multi-mode
reflectograms which are sensible to impairments that are
causing a mode conversion like bad contacts, insulation
default between adjacent pairs or water ingress.

This technique of applying and measuring according to
different modes can be either based in time-domain or fre-
quency-domain whereby, respectively, time domain reflecto-
metry and frequency domain reflectometry are used. Similar
to the classical reflectometry, a time-domain measure pro-
vides directly the reflectogram while a frequency-domain
measure provides a bode diagram (magnitude and phase ver-
sus frequency), that can be converted to a reflectogram by
applying an inverse Fourier transform.
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Furthermore, the telecommunication lines are by prefer-
ence digital subscriber Lines DSL lines.

One possible implementation of the present impairments
identification module is that the impairments identification
module is located in a telecommunication DSL Modem.

Another possible implementation for the impairments
identification module is that the impairments identification
module is located in a telecommunication access node.

Finally the impairments identification module can be real-
ized according to a distributed way whereby the processing
unit of the impairments identification module is located in a
server of the telecommunication network. In this way the
processing unit is a dedicated measuring device.

Such a server e.g. a remote server having access to the
management network of the telecommunication node, can be
placed anywhere in the network and receives the information
regarding the measured echo signals when knowing as well
the applied input signals.

It is to be noticed that the term ‘comprising’, used in the
claims, should not be interpreted as being limitative to the
means listed thereafter. Thus, the scope of the expression ‘a
device comprising means A and B’ should not be limited to
devices consisting only of components A and B. It means that
with respect to the present invention, the only relevant com-
ponents of the device are A and B.

The above and other objects and features of the invention
will become more apparent and the invention itself will be
best understood by referring to the following description of an
embodiment taken in conjunction with the accompanying
drawings wherein FIG. 1 represents a schematic view of
traditional Single Ended Line Testing SELT, FIGS. 2a and 25
are representing each a schematic view of the actual multi-
mode Single Ended Line Testing and FIG. 3 represents an
impairments identification module in a telecommunication
network according to the present invention.

The working of the device according to the present inven-
tion in accordance with its telecommunication environment
that is shown in FIGS. 24 and 26 and FIG. 3 will be explained
by means of a functional description of the different blocks
shown therein. Based on this description, the practical imple-
mentation of the blocks will be obvious to a person skilled in
the art and will therefor not be described in details. In addi-
tion, the principle working of the method to identify impair-
ments in telecommunication lines will be described in further
detail.

Referring to FIG. 1 and as mentioned above, a schematic
view of traditional Single Ended Line Testing SELT is shown
in a Digital Subscriber Line telecommunication network i.e.
mores specific of Time Domain Reflectometry. One DSL line
is shownupon which an incident signal IN is applied at the TX
transmit side and a reflected signal i.e. echo-signal is mea-
sured at the RX receiving side. In the event when the applied
signal encounters an impairment the reflected echo level will
vary, which will appear as a ‘peak’ or a ‘valley’ in the echo
measurement. Any real impairment such as bad contact or
water in the cable but also normal impairments, inherent to
the network topology, such as a bridge tap or wire gauge
change becomes visible in the reflectogram. As explained
above, due to the present method and impairment identifica-
tion module, reflectorgrams are generated that show only the
real impairments due to e.g. bad contact or water in the cable.

Referring to FIGS. 2a and 25 the solution of the present
application will be explained for a bundle with 3 DSL lines.
Firstly, the multi-mode group is explained. Based upon the
present example the bundle provides the following transmit
mode possibilities:
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a) at least one differential mode for each considered respec-
tive line of the bundle. In the event of considering and
taking into account each DSL line, 3 differential modes
can be defined i.e. DM1, DM2 and DM3. The schematic
representation in FIGS. 2a and 25 shows hereby 3 func-
tional blocks each one coupled to a respective DSL line
and being enabled to transmit and/or receive an applied
incentive signal, called input signal IN and/or measure
an output signal, called echo-signal E, according to the
Differential Mode: DM1, DM2 and DM3.

b) at least one phantom mode for each considered respec-
tive pair of lines of the bundle. In the event of consider-
ing and taking into account each possible pair of DSL.
lines 3 Phantom Modes can be defined i.e. PM12, PM23
and PM31 (not shown). However, since the 3™ Phantom
Mode can be calculated in function of the 2 others i.e.
only 2 independent Phantom Mode are considered i.e.
according to the present example PM12 and PM23 are
shown. Indeed the schematic representation in FIG. 2
shows hereby 2 functional blocks each coupled between
a respective pair of lines in the binder and enabled to
transmit and/or receive an applied incentive signal,
called input signal IN and/or measure an output signal,
called echo-signal E, according to the Phantom Mode:
PM12 and PM23.

In this way the multi-mode group in the present example
comprises the following different modes: DM1, DM2, DM3,
PM12 and PM23.

According to the present application, in a first step, an input
signal IN is provided to one of the available functional blocks
representing each one of the above described modes. The
input signal IN is applied to the binder according to the
respective mode of the functional mode block, hereafter
called first mode. In a second step the reflected signal E is
measured at one of the available functional blocks and is
measured according to the respective mode of the functional
block, hereafter called second mode. Hereby, the second
mode must be different from the first mode.

In a third step the measurements of the echo signal are
analyzed in view of'the input signal for deriving therefrom the
searched impairments.

Two Examples are shown in FIGS. 2a and 25.

FIG. 2a shows an input signal IN at the first Differential
Mode of the first DSL Line 1 i.e. DM1.

Although it is sufficient to execute measurements for only
one second mode, by executing the measurements for difter-
ent second modes, more reflectograms will be measured
whereby an improved potential for a better and more accurate
analysis is generated. The different possibilities for tests with
incentive IN at DM1 are:

E1,2 with DM1(IN) and measured at PM12(E)

E1,3 with DM1(IN) and measured at DM2(E)

E1,4 with DM1(IN) and measured at PM23(E)

E1,5 with DM1(IN) and measured at DM3(E)

FIG. 2b shows an input signal IN a the Phantom Mode
between the first DSL line 1 and the second DSL Line 2 i.e.
PM12. Here are the different possibilities for the different
tests with incentive IN at PM12:

E2,1 with PM12(IN) and measured at DM1(E)

E2,3 with PM12(IN) and measured at DM2(E)

E2,4 with PM12(IN) and measured at PM23(E)

E2,5 with PM12(IN) and measured at DM3(E)

It has to be remarked that FIGS. 2a and 25 also show each
time the classical SELT. In this way FIG. 2a shows the pos-
sible test
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E1,1 with DM1(IN) and measured at DM1(E) and

FIG. 2b shows the possible test

E2,2 with PM12(IN) and measured at PM12(E)

Referring to FIG. 3 an Impairment Identification Module
IIM is shown in its telecommunication environment i.e.
coupled to n DSL lines in a binder whereof three are shown
and called Line i, Line j and Line k. The impairments identi-
fication module IIM comprises a multi-mode group of mod-
ules MMG. The multi-mode group of modules comprises:

at least one differential mode module DMi, DMj,

DMLK, . . . for a respective line 1, j, k, . . . of the bundle.
Each respective differential module is adapted to apply
an input signal in a differential mode and adapted to
measure an echo signal in a differential mode; and

at least one phantom mode module PMij, PMjk, . . . fora

respective pair of lines of the binder. Each respective
phantom mode module is adapted to apply such input
signal in a phantom mode and adapted to measure such
echo signal in a phantom mode.
It has to be remarked that only 2 independent Phantom Mode
Modules are shown here.

The impairments identification module IIM further com-
prises a control means CTRL coupled to each one of the
modules of the multi-mode group. The control means CTRL
is adapted to control, during execution of one cycle of a
Single-Ended Line Testing SELT on the lines of the bundle,
application of an input signal IN to a first module of the
modules of the multi-mode group MMG and to control mea-
surement from a second module of the modules of the multi-
mode group MMG. Hereby, the control means is adapted to
ensure that for one cycle of Single Ended Line Testing the
second module for measurement is different from the first
module.

The impairments identification module IIM further com-
prises a processing unit PU which is coupled to the control
means CTRL and the different modules of the multi-mode
group MMG. The processing unit PU is adapted to receive the
measured echo signal E and to analyze the signal E in view of
the input signal IN for deriving therefrom the searched
impairments.

The method to identify impairments in the telecommuni-
cation lines Line i, Line j and Line k of the binder comprises
the global step of performing Single-Ended Line Testing
SELT on these lines of the bundle. Furthermore the method
comprises a first step of applying an input signal IN in a first
mode out of the multi-mode group to a first module of the
multi-mode group of modules and a second step of measuring
an echo signal E in a second mode out of the multi-mode
group by means of a second module of the multi-mode group
of modules. Hereby the second mode executed by the second
module is different from the first mode executed by the first
module. In a third step the received echo-signal E is analyzed
in view of the input signal IN for deriving therefrom the
searched impairments.

A final remark is that embodiments of the present invention
are described above in terms of functional blocks. From the
functional description of these blocks, given above, it will be
apparent for a person skilled in the art of designing electronic
devices how embodiments of these blocks can be manufac-
tured with well-known electronic components. A detailed
architecture of the contents of the functional blocks hence is
not given.

While the principles of the invention have been described
above in connection with specific apparatus, it is to be clearly
understood that this description is made only by way of
example and not as a limitation on the scope of the invention,
as defined in the appended claims.
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The invention claimed is:

1. A method to identify impairments in telecommunication
lines of a bundle, said method comprising:

performing Single-Ended Line Testing SELT on said lines

of said bundle;

applying an input signal in a first mode out of a multi-mode

group comprising at least one differential mode for a
respective line of said bundle and comprising at least one
phantom mode for a respective pair of lines of said
bundle; and

measuring an echo signal in a second mode out of said

multi-mode group being different of said first mode; and
analyzing said echo signal in view of said input signal for
deriving therefrom impairments.

2. The method of claim 1, further comprising:

repeating said measuring in a second mode and analyzing

said echo signal for every mode of said multi-mode
group being different of said first mode.

3. The method of claim 1, wherein time domain reflecto-
metry is used.

4. The method of claim 1, wherein frequency domain
reflectometry is used.

5. The method of claim 1, wherein said telecommunication
lines are DSL lines.

6. An impairments identification module configured to
identify impairments of telecommunications lines of a
bundle, wherein said impairments identification module
comprises:

a multi-mode group of modules including, at least one

differential mode module for a respective line of said
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bundle configured to apply an input signal in a differen-
tial mode and adapted to measure an echo signal in a
differential mode; and

at least one phantom mode module for a respective pair of

lines of' said bundle configured to apply such input signal
in a phantom mode and adapted to measure such echo
signal in a phantom mode; and

control means for controlling, during execution of one

cycle of Single-Ended Line Testing SELT on said lines
of said bundle, application of said input signal to a first
module of said modules of said multi-mode group of
modules and for controlling measurement from a second
module of said modules of said multi-mode group of
modules, said second module being different from said
first module; and

aprocessing unit configured to analyze said measured echo

signal in view of said input signal for deriving therefrom
impairments.

7. The impairments identification module according to
claim 6, wherein said impairments identification module is
located in a telecommunication DSL Modem.

8. The impairments identification module according to
claim 6, wherein said impairments identification module is
located in a telecommunication access node.

9. The impairments identification module according to
claim 6, wherein said processing unit being comprised in a
server of the telecommunication network.

10. The impairments identification module according to
claim 6, wherein said processing unit is a dedicated measur-
ing device.



